Abstract. The aim of this work is twofold. First, we propose an high level textual modelling language, which is meant to be biologically intuitive and hence easily usable by life scientists in modelling intra-cellular systems. Secondly, we provide an automatic translation of the proposed language into Beta-binders, a bio-inspired process calculus, which allows life scientists to formally analyse and simulate their models. We use the Gp130 signalling pathway as a case study.
Introduction and Motivations
Process calculi, originally developed for modelling mobile communicating systems [1] , have proved to be both useful and powerful tools for modelling biological signalling pathways [2, 3, 4, 5, 6] . The need for such modelling approaches has arisen from the complexity of these processes, which is not easily analysed by biological intuition [7] . A key challenge in the application of process calculi to biological problems is the specification of models. The issue poses several practical and computational problems. First, it is unlikely that most practising biologists would be motivated to formulate their ideas in a non-intuitive language devised for computational execution. Second, the process of specifying the model can identify areas of ignorance or uncertainty in biological understanding which may not be apparent to a computer scientist taking models from the literature. The biological literature frequently articulates biological models in the form of informal diagrams or employs various formal graphical notations (e.g. Kohn molecular interaction maps [8] and Kitano diagrams [9] ), but these can be confusing or ambiguous and particularly may conceal or abstract biological knowledge that may be useful for the computational modeller. It is also clear that a two-dimensional static representation may not adequately represent all pertinent features of the dynamic evolution of a temporal and spatially directed process. Indeed these ways of describing a biological process in reality involve the biologist translating a narrative of events into a graphical format.
Prompted by these considerations we here present an approach to biological model specification which is based on a narrative style language. In developing this language there were three desiderata. First, the language should be biologically intuitive using formalisms and syntax familiar to biologists. Second, the language should exploit the specific advantages of a process calculus based approach to modelling highlighting, for example, the roles of concurrency, dependency and spatial confinement. Thirdly, the language should encourage the biologists to critically examine their understanding in the process of model specification highlighting points of uncertainty.
In the proposed framework, biologists can specify their model by providing a textual description of the system, containing the list of compartments, the list of entities (i.e. proteins) composing the model, the list of reactions with their rate parameters, and a narrative describing the evolution of the system.
A translation into process calculus (namely, Beta-binders [4]) has been developed and a few models have been specified into the proposed language and translated into Beta-binders. This allowed us to run the models by using the BetaWB simulator [10] .
The front-end of the translation is designed to be independent of the language, so that when implementing a translation to other modelling languages it could be reused. The main aim of the current work, in fact, is to define an high level language which hides the implementation details to the modeller, and is generic so that it could be translated into other kinds of formalisms different from Beta-binders (e.g. other process algebras, SBML [11] , and possibly differential equations). This allows us to have a common ground in which models could be specified, and it also allows modellers to choose the output language that better fits their aims. In fact it is difficult to find one formal language which is appropriate to describe all kinds of systems, or that could be used to study all aspects of the systems. In addition, starting with the same input model, the comparison of different formalisms would be much easier.
We use as a case study the Gp130 signalling pathway [12] . This was chosen as an example of signalling concurrency which has yet to be explicitly articulated in a process calculus model. In Sect. 2 the modelling language is described, using the Gp130 pathway as a modelling example. In Sect. 3 the translation algorithm is described, and the generated Gp130 pathway Beta-binders model is shown. Finally, we draw some conclusions on the pros of our approach and on issues that need to be tackled.
The Narrative Language
In this section we present the modelling language. The structure of models in the proposed language is inspired by SBML [11] , one of the most well known description languages for biology. The main differences between the two languages are the following ones. First, SBML species have only one possible state, while in our language they can have multiple states (this choice was made bearing in mind that our target language, process algebra, is a multistate one). Second, SBML is very abstract and it does not represent details about species and reactions, while the proposed language can easily represent them. Finally, the description
